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imzm 1 ] mmt . mwizttLxmrnxfaizm^ 

b ztmb-t&immimmfc. 

tfm^zbzmkb-tz mtm 2 oftmrnmutk . 
[tt^«4 ] mam 1 ftayR*<» a 1 *3tiiA g %± 
mtb^&&mx'&zz\b*m&b^hm$&3(r)ft 

[m*jh 5 ] sfsis 1 mm-ff. C r „ S i £fc|±T 

i SrW^A^'^Jn t/i-^agTft S - fc 

tlt*)l6 3 ii«f23S2;fc»jS^\ N i ££j&fri:-r-S. 

im#m7 3 Buia^2K^^\ p^«m 1 zm%. 
Atsfma Lta^mx'h &zb £#m t -t&m>fzm e 

iwmq 3 mim2immt. x - y ^-y^zx 9 * 
e>giBa«Fiafl:3 ^ifnam 1 mmcoMzB&z tix 

3 ««±tc. * 1 nfsmm, m 1 m 
*2jw»«, %2mmwm, mum, msmrnftmzz 
(oimzBfc Ltzimmmuw^m^Mmx'h -^x.w. 
1 mmmb lx s w.2mmz 9 t>m&&*ifik* < » 

%S.^>v1-vyLX^imLtz1k. ;^iMJ<oi 
fc*rK#2*^£»j£Ufc£ b Wmb-t&ftMmi 

[000 1] 

%b'co%mm!MMmzmL. mzgemmzm 
jbu u-vmLmbrnxQiMzzK). imtamsm 
izsmRtmikZfj 0 ffim&tmmzmth . 

[0002] 



^♦wis k«5 1 (iicu*-#*-h) <7)±tc em 

ftM5 2 (SiN) , S8ffll5 3 (TbFeCo) . R 
WWII 5 4 (SiN). &lX»3ajg5 5 (AlCr) 

±J*^l/-ft'-^ 6 1 i)m^iUyX6 2 ZMLXM 

[0003] Sfc»j|5 5 9* 

K5 s^mmwm.'&ms 3fr$><7)mmcDW±izw.ig 
[00043 m&(?>mmmimb ix. mm 

bKttMfr^-^t'-J±$:imi-t&?J7°cr>mft. \,\ 

1 (jKUj&-jK*-1» > <0±fc. JM5 5 (A 1 C 
r) . ^«f^M54 (SiN), Hffi!5 3 (TbFe 

co). mwms2 (SiN) z.<mt&m\,ti 

^1. AlCrOf, AlTi^AgCuPd^fc'WAg 
I^f« ! I^^tl^ (1tra2 000-109943 
•f<£*L #^2 0 00-28 5 5 17^#) . 
[ 0 0 0 5 3 ZO>7 r -X Mf- 7 x*E»*flrei±v 
««5 1C0±t > ^^C«iJ^5 5*^§n. ^C0f*tc 

M5 3<?MS»H#tt«. -eOTiitcfc?.SSc»J3i5 5c7)^M 

5 5ii. &m&.T£'&-ttmx*h&t:)it>^ znmwiztem 

[00063 Lfc*^ T C «MftH 5 5 *>±fc:»j£S;M 

^fiSttJK 5 3 i>m{htf&&zti& zbtz**)^ m.&m* 
comitcofoztf-febizz^w m&jw<7))Hx\ m. 
itcofa s jir § h ts?~%.ximiztt Lxmm.<7)^iz 

ffi-oXlt&ZbWftt Lv»**. »ffcOrti*j&*— Sttt* 

m®r&zbtex'%%\*. 

[00073 b z*>x\ ^Bimmmzw&ztix^z 
imAtm£.<7)£ K)ft®&-itim&-t2>tzMzi&. ma 
ttnimmafiesmbQ:*-. ftttm&ik&m&tztMz 

14. SMiB.rfWm<OS/Nl£ (J,2,UiCNR) $-^c 
W« LTtJ 0 . S/N JtO|6j±^^^t{4^ISH4S:*< 

[0 0 08 3 L*»U H5fc*Lfci:3?3^!3jW)7T- 
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n^coti^m^itcom^mm- & z 1 tmrnxb -> 
tz. zzx\ z<7>wm&±<n±ot<:mm%m.Lx% 

mm&z t ox* ztz 
mmt-tt. 

[00 09] 

mmizM bxmwxfaizms^mx&zttm&mt *itr 
temtmmmfcx'&ix . mfotmmfemt nmiz 

m<?><&&m>t>Bf&ztix\<^hztz%fMt-?z>ftinm 
Mmmmim-tzi>cox'h&. ttz. zcomuza^ 
x, mmzAi>^iiLmi l zB^titz^mi3mi > f^& 
mmvm<. mifr$>mi>&^<mizB&zti?z'&&m 

tfmi>mw&2&fflfr<%& i d iz LX i> X \,\. ztilz 

±*uf. mm<nfomi£m$Lt:±*x\ smsj/w^ 
com^mmittMmx'hh . 
[ooio] zzx\ mmfmifi2m<r>i;r£m*hB 
j&zti&MS. mmz&^w<vmiimmK mm.fr h 

~y*cr>mmw<%&£otz&f&Lxi>£^. &tz. m 
iemiMtmt. a i &tz\£Agz±j&ftt-rz,&&m 
zm^$>c\twx'%&. KsuwRRfctt, tztx. 
arc r , si 4fc«T i zmmMmminLx i>£\<\ 

mmn. n i£±s$tftt-t&'&&m£m^&z\btfx' 

[ooii] s&t. ims.tm^^mmitmcr,m 

[0012] £tz. zcDfmi*. mLtiz, is i ism* 
it. miwm, m2mm, *2»«*r. warn. 
# 3 mm*!®* z ajuons Ltzftwrnmrnfonm®. 
■ffizx-bix. fsimmtLx. ^2jstim<fcot^ 
&mtf±z<* ij<>®&<r>m\^&m*w&i.L. mi 
■smm^mm^m^M^v^y^Lx^mtLtz^k. z 
<vm i imm<7)±.i,zmm& 2 mmzm&L Ltzztzn 

[00 13] 

-j^xznfmzmm-z. =5rts. ztuzx^xzcozt 



coma, «tio±c, siis«feiK2. ssiiHKtit 
31, ^2g«3 2, m2wm,tm4, wm5, m 

[0 0 1 4 j ±tz. zommz. u-u***-. «ki t 

K^Mcom 3 13mft:J& 6 Bgtff h 7r-xbt- 
7*XRj|flE*i:-r4. fctfU £0%BJ3oJ:53:2o 

t\ m&Lu±#v*f-#*-hzm\>\ *<r>m%*i— 

2mmWS.b^-h. mi. 3&22sWS?3f#lffcM2 , 
4, 6fi. Wfftt S i N£fflV\ ZtlZ'timS-* 5 n 
m, 7nm. 4 0 nmgjgt^-^, . S|ffiK5(i. Kffifc: 

[0015] ifc. 3iS 1 K3S^ffi!ltOgfl 1 3fc§&Jl3 1 tc 

$2JW3 2(-{i|»e#^)/jNS^^JK$-fflv^. 
J»K8it*^S5^fellBfe:j± N 1zbz.&A l itlMg 
Sr±fig^i:-r5-^M, AftWtiiA lCr^AlTi 
^rh'SrffloS^ ttfX'Z hifi, ZtHz&Zi><7)X'li% 

^•t-T^^M, ft«c6<Jfc(±N i P^N i A 1 %t'zm 

^hztftx^htf, ztuzmzbcox-iz^y. ttz. 
m2tmm3 2n. sse«w#/hs<T<>. *<v$miz 

[00 16] miStSftM3 lfcLTA ICrifflHW 
-^•«±. -eoMi»±5 0 nmgKitS. f(S2tt^BK3 2 
tUNiPSrfflu^ll -?-0^i?{±l OnmSJK 
k -^4 . iit, MRCifiV^JB 1 tmm 3 1 tfgifg 
^<50*#^r^ii$:fflV^|,o«. X'Z &til±k%%:ttt. 

[0017] a*:., m ife^ji3 1 tmmmco 
4^%&&m^%zm2imm>3 2*Bfc?z><?>\±^ 
ztih <r>mn±iz&m l $ ti h mm 5 oi« la 

0 iZN i Sri^^i: tfctmTf^* z\ t tfX* hfr, - 
i<0NiS±Jfi4J-i:-f&-&AJIK±. -e^BCT 
§ SDflfl**. A 1 ^^±^*k UTJPjSSiTJtrJR^Ws 
O^:#^#JPi;0t^§V^T\ z\cr>m2mm32 

e>±ijizM&%ti&mffi&5cmittfoz-%3jmzm 

[0018] )K^Vst^« «^A»3 1 C0MJI 
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m3 1 *>it»i. j»fiaww3/h$'S^AjH3 2commx 

3 l<Dfl£JPS:Wl t U S*H£3?2$ 
«»M($6&lt3 2<OS&m$:W2ti-&t. WUW2 

> 0 £: tth J: 5 tew 1 mm 2 s *saw- h z. t 

gflfcl : 2 XlO 4 erg/sec • cm • deg 
ISfl:ftJl2,4,6 : 1.5X106 erg/sec • cm - deg 
5£fflK5 : 1X10 6 erg/sec • cm ■ deg 
^l&S^l : 2. 4 X10 7 erg/sec • cm ■ deg 
M2ftmm2 : 1. 2X107 erg/sec • cm • deg 

[0020] ztiitzxtitt. m2m&m3 1 vm&mm 

1 Sd^JK 3 1 i: t T A g *£.]&frk -t h S&mA g C u 
*<7)mfcmmt,i. 3. IX 107 erg/sec . cn 

•degg^fc^o. £*)mmmmzm<-?&z t&-c* 

JWfc3lW*KHJfil£35r$-. 02 (a) Mgl_Bc:f?S 
mffcJK (S i N) 2£®i£U *<0±fcSS 1 JWRR (A 
1 C r ) 3 1 £#«Lfc*£tf)KBiHTfc*. £<OA 1 
Crl3 1(i, *Tfifc&>&9*#&^£^[H]0## 

[0 0 2 2] Kkt&, A 1 CrJK3 lj&fcfirV**^ S 
i NIK 2 OSlffittT^H* R a = 0 . 3 n mgSt'^ £ 
A 1 C r jg|3 1 £ 5 0 n mgjg^ R 
a=l. 1 nmT'MflOJS^4 0nmg^ § 
4.1CA lCrl3 1^100nmI^f2,i:,.Ra 
= 1. 5nmT1fflflOjl3jfflte5 0nmgj£^±£$fc& 
0. r«AlCri31 ^±fc»ttKS¥£#j£Lfc*£ 

[0 0 23] 02 (b) ii s 02 (a) a&lft&K 
( A 1 C r ) 3 1 <0±fc N &2;88*JtN i P 3 2 
L^-^coBfffiia'r*&S. <Ic7)NiPj»32J±, HfefS^ 

§ commmutimmm m<m\ 

%<-t&Zt&T*&. tzkx.lt. Al CrS£3 10_b 
KN i PH3 2£ 1 Onmlg^KLfc^KH Jgjfc 

[0024] Ltztf->x. mm* . fammnttm?) 
sv *m i t^mkmmmmzwamm^itm)^ \ m 
2mamtfrt>%&&mmz£~?x&!8.L. w&miz%L 
\mzm2mm*Wi%t& zkizx*). ntxHRttt* 



[00 2 5] 12(c) « s *l*SI&]83 1tf>- 

2(c) iz^-tX oiz.mi &mm3 1 SrJBjftLfcft, 

&2imm3 2*wm-z>mz. »i2sawR3i*x y 

£ (cfc o » s& 1 soys 3 1 OfiBBBttfc ¥ 

fl-fb l , £ oTffl-ft LfcasLbt: , m 2 nmm 3 2&B 

lCT&J:3fc:l/rt>J:vi. .liifc.fcftfcf,. 02 ( b ) <o 
#»tg£^om£^j£-r & £ fc . Zt>lzZ<nW 

ammzmm LxfttkLxwzsjxzfmmt&zk 
immttch. artz. zemweoffismmmftcom 
tomtz^xmrntz. 
[0026] mmmi 

msm 1 <r>mWk lx.vk.cdxo %mmf&<wm& 

S^l : 3. 5^>"f-l. 2mmJp:o*f 1 J^— h 

<r>m=0. 4 urn, icoai§ = 3 5nm 
Ilit«2:IUI10nm<rjSiNI 
^li^JK31 :B|9 0nm(0AICrI 
^2mm32 :MJ>10nmc7DNiPM 
m2pm«s]M4 :MiP10nmCOSiNJ^ 
S51SJK5 : lf20nmOTbFeCoI 
SI3P«#:K6 : 4 0 nm<0S i NH 
[0027] ISMm&mtols— ftiiMZ 4 0 0 n m , 
ftl/VXWNASO. 6tU P-ifMaat«ElkJ4R 

I8WM&2, 4, 6cOX^7^WJAr + N 2 

[0028] *7t. -y hatflRBtflWfrfc L 

TJ3lT^)t<0*fflV>fc. 8«fWR2. 4, 6tCOV^T. 
BK-7SiSfflV\ SA«*0. 8kw. 
Xffi$r0. 3PatU,SlMiAlCr31CO 
V^T. Al 98Cr2 (S^tiatai»ic%. IMTPlt) S: 
fflW\^A^$r0. 8kw, X/t-y^^'xEESrO. 5 
PatLfc. m2J5^MNi P3 2tCO^T, Ni 75 
P2 5 (S[^(iatomic%, OTHt) 
SrO. 8kw, XVN'-y ^^xESrO. 5Pai:L7t:„® 
tSEW5(C-?V^T. Tb21Fe65Col4 (iic^(iat 
omic%, JilTIlt) £J1V\ Hc = 12kOe, Ms = 
5 0 emu/c c h L-Tt, 

[0029] PUiCDX 5 =5r«I^Bjo^A^LT. 
0nm<7)A 1 Crffii: LT^mt. ^<r>mnM2, 4, 
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5, 6(=ovvni. ZomicomifcMloiMkAbmt 

[0 0 3 0] ZtLt,<7)1&faA, B£*fl,T, V-;?^ 
0. 2/zm, J^$§0. 4umCD~?-?£nmL. 

it) zmfeLfc. MmmLiz&if&mftcvtmmz a m 

/sb U lB#l^^y-&5. 4mw, B^/*!?— £2. 
3mwtLt. 

[00 3 1] # N t£*<?}$?fls:Bc7)CNR#4 3 d 

RJ24 5 d BX'$> 0 . ^O^BJcoHSfifiJ 1 <7)^\ 121* 
frftM^rSLtL^,, $ fefcMVv?-? j|0 . l 5 

Mm, mmo. 3umC0-?-7*MmLtzigr&. ft*<7) 
*WfrBOCNRtt4 0dB"C*4<0fc:**U ZcD$&W<7> 
^Sfcffl 1 «A<7)CNRIi4 3 d Bfab 0 > H&KIB 
$£#)S?^£ fo±-T £ -I t #f §= /v: . ULhcoJ: d iz » ico 
»6^J 1 izitlii. mmtmiZLtiX o ^r2^ttf 

[0032] SHfcW2 

112 (c) ^L*:J;3fc, JRiMii (A 1 C 
r) 3 lSJEflRLfcftfc:, iOfl51iaRK3 1*Xv^ 

it. mmm 1 tfcofc r t^x-m 1 ssgbsbb < a i 
cr> 3 1 sri i onmcom^izm^. mimmm3 1 
<^x.y^>^\ mM%iiz7jkLttbmtm2M&®: 

(NiP) 3 2<0»jRfcV^Ig*|ST, 2JfflS3itf>;&fc 

[0 0 3 3] zzx\ &lttmt3 1 «x -y^-^Ji, 
fck^ffRFX.yf-y^fcJ: 9 fH X>yf- 
ymiUAr^lBK gAl*5 0 0w, X-y^- 
>71fZ&\. OPa.Xyfyy'^lS^U, 
X y f-^^om 1 SSKR<0BW«<9 0 n m^JKfc 

[0034] Ltzifi^x, mfot LxcomummiR 

T/m&M 1 iZTskLfz i><ot m tTh&W^ x yi-yyiz 

£K>mimm3 i<ofim#wfc$*u mm&ft<r> 

Vtc&hfrb%:~*X^Z>&tfmmi 
3rS. AFM (ATnAKttll) Srfflwc. i<tK»#£ 

fyg-r & i: s mm 1 oi*a«$ 2 &^jbi 3 2 ®^ 

<7)*®T*{i, R a = 1 . 4 n m , G0£i7^K<DJf 18= 4 5 
nm-Cfcofc. — Jfr, 3SJtW2<3*IWtcCtefe(,vt, 11 
ft&R ( A 1 C r ) 3 1 ^MU7fyy*Lfc^ 
BTCtt, Ra = 0. 3nm, CflO^«^jtl^= 1 2 0 n 
raX'b&ifi, m2imm (NiP) 32 *m&l,tz&cri 
mmX'it. Ra = 0. 6nm, Dg£ri&R?)jgy(||= 2 3 n 

[0035] ttz, mmM2C)Mftciz^x. mmm 



ltmmco&tiFxcNRcomMZLiztzz. 

#0. 2^imO%^<7)CNR*M6clB, V-^JB* 
0. 1 5;umC0*§-£<7)CNR#f4 4. 5dBtfc^. 

1 OMteTtt, V-?j|#0. 2//m, 0. 15 
,um£#LT-£*l>e r ;fxCNR = 4 5 dB, 4 3dBf^ 

[0036] Sta«*2tf)J«fl:C-Cli, J$3*JlcD*W|£ 

2t=J:iUf. mimmZ^y+yfLizZblzXVIfc 
%M<7)$mBVz$: i 0 %#>bMz Lfzcox\ J 4 Xoffi 
mz£ SCN R<0&#£ft-.g> £ fc #T'# . LfctfoTBt 

[0037] Silffl3_ 

££T'Uu 1 J&S&JK3 1 tT, A 1 C rCD-ftbO 

bj-t s . ^*os«)*(±ei i xx/mmn itmti><r>t 

mi ^JK3 1 A 1 9 8 T i 2 (f&^atomic 
%> OTt) SfflV^t<0 («#:D) k N Ag98C 
u 1 Pd l%&mWzi>(7) (tt#E) *ffts£.Ufc. 4f"fe 
^> 1 1 mmeoxmizj; ~> X . MJ¥9 0 n mgf 

[0038] i^T\ A 1 9 8T i 2 (^{iatomic 

JUTUt) «Pli2. 4 e r g/se c - c 
m - deg-C'feO, Ag98CulPdl %<30|^S^ 
Ji3. 1 e r g/s e c • c m • d e g"C£>£. 

[0039] ;«20«l«;oV^ s ffl5HM^Jk|SI 
flltcCNR ZMfet h b"&.coi. o %mmim t=tdz . ffi 
*Dt;oViT, V-^**i0. 2um<7)t%r£, CNR = 
44. 8dB, 1 5,umc7)i§-£, CNR 

= 4 3.1 dBTJi-jft, MfaElZ-O^X. ~?—7^ifi 
0. 2jum^, CNR=4 5. 3dB, V-^H^' 
0. 15^mi0^, CNR = 4 3. 2dBTh^fz. 

[0 04 0] mm3\iZXfiJki^ »lfl8K«3 1fcL 
A 1 £j£j£#k-r£-£:&filCT i *jjaiDLfc»^, 

^z*^ftb^&^±mzcujBLV? dimu^izm 
[0041] mmM4 

mmmco^^m2tmm3 2 b lx, m*mi%z 

X°l±N i 7 5 P 2 5 ZmWzfiK i ^T1±N i 8 0 P 2 
02rfflV^*i^r (M#:F) k. N i 7 5A 1 2 5£fflU 

(««cg) iz-o^x mmtz. mfonmmfomf 
gm-jfrntm 1 ai^utt^ 1 bm t l/s. 

[0 04 2] JaTfc, miJS^JK3 UU, Al Ti 
&M\Vzm-$tb. AgCuPd$rfflv^*§^fcov^T<7) 
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Jg3 2#Ni8 0P20£fflVvyia-&. -?-?*#0. 
2um<7)t%. CNR = 44. 9dB, V— ?*#*0. 
15Atm<7)i:§, CNR = 43. 0 d B £=£9 » SI22& 
JftHR3 2#N i 7 5 A 1 2 5 ~1—9*fr 
0. 2^tm»i:# s CNR=45. ldB, V— 
0. 15jumOkS,'CNR = 42. 8dBi4->fc,' 
[0043] £ltt£lR3 l#AgCuPdT\ 

^22SS»Jl3 27& J Ni 80P2 0^^ 
ft#0. 2//m(7)i:S. CNR = 45. 4dB, V— 7 
*#0. 15//mC0tl, CNR = 43. 3 d B fc 
0. 2#N i 7 5 A 1 2 5 £fflVVfc*& % 

V— ?*#0. 2//m<0i:£. CNR=45. 2dB, 
•r—fMtfO. 15wm^tl, CNR = 4 3. 4dB 

[0044] fiLU: K) , HMffl 1 fc»Sj*iW»5:iflS 
2^JK£^l»j3cO&#:F, GfcfcWCfcStliW 
lkH8HC. -?—7MtfO. 2Aimto^TCNR4«4 
5dBULt, V-?j|#0. 1 5/xm£:-OVvCCNR# 
4 3dBm±t^r^T*i l 9. t&fe^fcOJ: Oftftjffttft: 

[0045] mmms 

■ffcS-erfc«^>CNRtfMRfl[38ft;t:ov^rBKW*. 
18C^J13 It UTA 1 9 8Cr2tflK $2ft3feR 
3 2kLTNi75P25 £ fflV\ ;IH&R£tt<Ofttj*£ 
1 0 0 nmfc3M> ia^LT. pffl£M?>HWS££fl:3 
^5«H*)flB*cH", I, J, K. L£ffc£LJt. 
[0 046] ZtlL>cr>5l(r>!&mz-O^X . CNRSffl 

( A 1 C r ) 3 1 *W< , *^H2MI ( N i P ) 3 
2 tfiB V vfr^ C N R < 2: o T V ^5 i fc jfifibA* h . 

msmmco^ m 1 mm 3 1 oirjps < &s 1 , 

J»* t »4 9'*-$-<$r4tf>'C, CNR<*ftTlfci:ti<9 



[0047] Lfe&o T , i 0 l£*JUKA>feJ3r& 

«. ^<tt. ffl£»JR3 1<0MV^S(2%9<UR3 
2 aj£j£ «fc 0 i>m< -t S £ fc AW* U\ 

[0048] ±§mtmTii. 2m^ht£him. 

KtfD*^fc:ov vc* L ffl&jKjP 3 JiJ2Lb&» £> * h 
«Hk fcfcitf, JfcSfelgi: LTA 1 SiCr, AgCu 
Pd, N i P£^<^±££^Jtfc^j£Lfckcorfc. 

stress $ fifcaawtcii . mm®. £ **& t> «a*H o 

[0049] 

se««ft* new* £ k & . 

[BB^mSrSffiH] 

[hi ] £ <?>m%coftm^imMfccr>-mMM<?>mmm 

[02] £0^^^miS^^*OBf®Jg^«tB&iM 

[H3] £ (omftnxM&MmMftcomm 5 tc^^T 

[05] ^tmoj/m^mmcommm jsmx-b t . 

1 mm. 

2 mi^m^K 

4 ^2^m*M 

5 at&R 

6 *3Stttffc|R 

3 1 ^lSd^JK 
3 2 m2JiS« 



[03] 



[04] 



B<5 


AlCr 


NiP 


CNR 






K 


lQGnm 


Onm 




40.0dB 


I 


90nm 


lOnm 


45.0dB 


43.0dB 


J 


8Qnm 


2 Onm 


44.6dB 


42.8dB 


K 


60nm 


40nm 


43.8dB 


41.9dB 


L 


4Qnm 


60nm 


43.3dB 


39.1dB 



^61 

C3 
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